In this paper an experimental Thermal study of Cholesteric Liquid Crystal and it's mixtures is presented. We have dispersed monomer in CLC to form Polymer dispersed liquid crystal. We have also doped ferroelectric nano -powder of Barium titanate (BaTiO3) in CLC. Different analytical techniques were used to study the phase morphology of CLC in the neat as well as in the doped state. Differential scanning calorimetry and Fabry-Perot spectroscopy techniques were employed to study phase transitions. The mesophase characterization was done using optical polarizing microscopy. The CLC, both as mesogenic moieties and as dispersed droplets exhibited various textures according to their molecular order and orientation. The phase transitions occurred at temperatures lower than those exhibited by the mesogenic component before doping. Enhancement in the thermo-optical properties of CLC is observed after doping. This holds potential for variety of electro-optic application ranging from display to light shutters.
Introduction
Liquid crystals are self-organizing anisotropic soft materials which are widely used in electro-optical applications. Particularly interesting are LC composites based on chiral nematic liquid crystals (cholesterics). These materials exhibit selective reflection and giant optical activity that can easily be regulated by electric field and temperature. Polymer Dispersed Liquid Crystals (PDLC) is formed by phase separation of the LC component from a homogeneous solution with a monomer or polymer [1] . The liquid crystal forms droplets whose size, shape and distribution depend on the technique used. These tiny droplets (a few microns across for practical applications) are responsible for the unique behavior of the material. PDLC films have a remarkable electro-optical behavior since they can be switched from highly light scattering state (OFF) to transparent state (ON) simply by application of an electric field [2, 3, 4, 5] . PDLC films can be prepared by four different techniques namely Microencapsulation, Thermally Induced Phase Separation (TIPS), Solvent Induced Phase Separation (SIPS) and Polymerization Induced Phase Separation (PIPS) [6, 7, and 8] . Related work shows that the liquid crystal doped with polymer as well as monomer enhances physical as well as optical properties of the material which improves the thermal and mechanical stability of thermooptical devices [9, 10] . Recently, nanoparticals have been doped into Liquid Crystals and studied for improvement in electro-optic and optical properties such as enhanced photoluminescence, higher polarization, fast response time, low operating voltage, and improved conductivity [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . For enhancing the physical properties a proper selection of nonmaterial for liquid crystals is required. This depends upon various factors such as size, shape, preparation methods, surfactant concentration, and amount of doping materials [21, 22] . In the present study our main focus is on the characterization of mesophases before and after doping CLC.
List of Chemicals and sample preparation
The CLC in the present study, Cholesteryl Myristate is a thermotropic liquid crystal whose properties change with the change in temperature.
CLC was dispersed with monomer to form polymer dispersed liquid crystal. The monomer Ethylene Glycol Dimethacrylate (EGDMA) is a water-insoluble diffunctional methacrylic monomer employed as a cross-linking agent or a low viscosity reactive diluent. EGDMA was dispersed in CLC by encapsulation method. The PDLC formed contained 10% of EGDMA with 90% of CLC.
We have used ferroelectric nano -powder of Barium titanate (BaTiO3) to disperse in the CLC. The BaTiO3 particles are slightly anisotropic and their size is less than100nm. BaTiO3 were mixed with Oleic acid and Heptane in appropriate proportion by weight and then this mixture was doped with CLC by ultra-sonication method. The ultra-sonicaton ensures homogeneous distribution of nano -powder in Cholesteric liquid crystal. The mixture was kept in vacuum for six hours for complete evaporation of heptane. The resulting sample contains the small concentration (~1%) of BaTiO3 nanoparticles 
Samples

Experimental Techniques
The essential tools used in present study are Differential scanning calorimetry (DSC), Fabry-perot spectroscopy (FPSS) and Polarizing microscopy (PMS). We have used a Licensed Under Creative Commons Attribution CC BY combination of detection techniques, including both optical and thermal measurements in order to ensure the characterization of the sample as complete as possible.
1) Differential scanning calorimetry (DSC):
DSC is a thermoanlytical technique in which the difference in the amount of heat required to increase the temperature of the sample and reference is measured as a function of temperature. Both the sample and reference are maintained nearly at the same temperature throughout the experiment.
The temperature of the sample holder increases linearly as a function of time. Even small changes in thermodynamic quantities at transitions between mesophases can be detected by DSC. The result of a DSC experiment is a curve of heat flux versus temperature or versus time. Most liquid crystal to liquid crystal transitions are discontinuous. Such transitions are revealed by larger peaks.
2) Fabry-perot spectroscopy (FPSS):
In FPSS, sample scatters the incident laser light at 90 degrees to the incident beam. This scattered light was allowed to fall on the Fabry-Perot Etalon and the Fabry-Perot rings were observed through the spectrometer eye-piece. The diameters of one to five rings were measured at various temperatures. At the clearing point the ring structure becomes blurred and no readings can be taken thereafter. Similar measurements were carried out while cooling the isotropic liquid to liquid crystal. Sufficient number of heating cycles and cooling cycles were performed for pure and doped liquid crystal so as to determine phase transition temperatures.
3) Polarizing Microscopy (PMS):
Depending upon the local orientation of the molecules, a thin layer of the sample sandwiched between the two glass plates when observed under cross polarisers, give rise to beautiful patterns called textures. The textures are unique to the particular type of the liquid crystal phase. Polarizing Microscopy technique enables the identification of the type of liquid crystal and other mesophases from the optical texture that is generated. We obtained the PMS results using a polarizing microscope (Carl Zeiss Jena).
Results and Discussion
A. Differential scanning calorimetry (DSC) The textures observed for CLC, CLC+M and CLC+N are presented in Figure 5 , 6 and 7 respectively. The textures appear as per the phase and the temperature sequence pertaining to the sample. The PTTS observed by all the three techniques are presented in Table 2 .The PTTs obtained by DSC are confirmed by FPSS. The appearance of textures at some of these temperatures confirms the values of PTTs further.
Conclusion
The mesomorphic behavior of pure Cholesteric Liquid crystal, Polymer dispersed liquid crystal and Cholesteric liquid crystal dispersed with ferroelectric nanopowder at a low concentration was studied using DSC, FPSS, and PMS. Due to spatial confinement and an interphase of adsorbed mesogen at the droplet boundaries, the mesophase transition for PDLC occurred at a lower temperature than CLC in pure state. The textures similar to the textures of pure CLC were observed for doped CLC at lower temperatures. The low concentration of BaTiO3 nanoparticles in CLC host increases the orientational ordering of the liquid crystal resulting in lower phase transition temperatures. 
